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high moisture grain storage
By
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Extension Service, South Dakota State University.

If a shortage of fuel develops for
drying corn and sorghum in the fall,
one way to work around the problem
is to store as high moisture grain that
portion of the crop to be used as live
stock feed. High moisture storage is an
efficient method of handling feed
grains used by many livestock feeders
as an "every-year" practice. Research
and on-the-farm experiences have
shown that storing high moisture grain
in gas-tight storage units, reasonably
tight conventional silos, and "sealed"
bunker or trench silos offers farmers a
low fuel-requirement alternative of
storing grain in addition to several
other advantages. Preserving high
moisture grain with organic acid
treatments in corrosion resistant bins
provides another alternative for stor
ing feed-grain successfully.
General Consideratio,ns
Advantages

Storing high moisture mature grain
permits early harvest without the add
ed expense of drying. Early harvest re
duces field losses and permits greater
use of corn stover as silage or grazing
before snow cover.
Storage costs are usually no greater
than drying and storing. If ground as it
is put into storage, grain is ready to
feed to livestock, eliminating the need
for daily or frequent grinding. High
moisture grain, stored in upright silos,
can be unloaded with silo unloaders
and moves easily with augers and oth
er conveyors.
Beef gains from feeding high mois
ture corn or sorghum are as efficient or
sometimes more so as those made on
dry grain. Dairy cows produce equal
ly well per pound of dry matter fed.
Disadvantages

High moisture grain has limited
uses. It must be fed to livestock. It is
'=3 difficult to market, except locally to
another livestock feeder, and then the
price is often discounted unless the
buyer is equipped for handling high
moisture grain. High moisture grain
stored without acid treatment cannot

be satisfactorily self-fed through con
ventional self feeders. It must be fed
daily to prevent spoilage or mold de
velopment. With adequate daily re
moval from the exposed surface, feed
ing high moisture grain presents little
or no problems.
Storage Structure Types

Sealed gas-tight storage structures,
conventional tower silos, and horizon
tal ( bunker and trench) silos are being
used successfully for storing high mois
ture grain. Which type to use depends
on comparative annual ownership
costs, expected losses, labor require
ments, and managerial ability required
for each storage system.
Gas-tight Storage

Sealed gas-tight units provide the
most air-tight structures for storing
high moisture grain. They als~ have
the highest initial costs. The air exclu
sion feature allows a wider range of
moisture content in the grain for safe
storage. The less air allowed to get
into the grain, the less will be the dan
ger of heating and mold damage.- Gas
tight units are preferred over
conventional and bunker silos for
whole shelled corn, although with
good management high moisture
grains can be stored in conventional
and bunker silos.
For getting the high moisture grain
out of the sealed storage unit, a me
chanical unloader is installed in the
bottom of the structure. For shelled
corn, the auger unloader is satisfac
tory. For ground grain the sweep-arm
bottom unloader is used to overcome
the bridging problem. The gas-tight
unit unloaders usually are provided
with an air-tight cap which is sealed
when not in use.
Conventional Silos

Conventional silos can be used for
storing either high moisture ground
ear corn or shelled corn ( preferably
ground) if they are in good condition.
Spoilage losses can be held quite low
with adequately reinforced silo walls
that are reasonably tight, tight-fitting
doors, and, after filling is completed, a

plastic cap to cover the top surface of
the grain to help in excluding air.
Make the conventional upright silo
as air-tight as possible to help reduce
losses in storage. Research has shown
that with good tight silos and good
management, losses may be as low as
2}~% to 3% of the dry matter stored. Air
leakage around doors of an upright
silo can be minimized by placing a
plastic sheet or roll roofing between
the doors and the stored grain. Some
silo companies sell compounds for
sealing around doors to exclude air.
After filling and until feeding begins,
or during any period when feeding is
stopped, the top surface should be
sealed with a pliable plastic sheet.
This sheet should be weighted uni
formly to hold it to the surface of the
stored grain, especially at the edges.
Silo roofs are advisable for protection
against weather.
Extra reinforcement may be neces
sary to withstand the greater lateral
pressure of high moisture grain as
compared to lateral pressure from for
age silage. This is especially true for
older silos. Most new silos are reinforc
ed to withstand the pressures of all
types of feed that might be stored on
the farm. The recommended spacing of
reinforcing for concrete stave silos is
shown in Table 1. Wherever possible,
specific recommendations should be
obtained from the company that erect
ed the silo.
If the existing silo walls are badly
oitted and in need of repair, it is usual
Iv advisable to have the work done by
a silo company crew or contractor that
has the equipment to do the job. Sur
face treatments include cement wash
coats, portland cement plaster, boiled
linseed oil, and various epoxy and la
tex materials. One treatment which has
added many years of service to old
concrete stave silos is the portland ce
ment plaster coat applied to well
prepared and cleaned silo walls. Usu
ally this can best be applied by con
tractors who have the equipment and
specialize in this type of work. The

Table 1. Recommended Reinforcement for
Silo Staves
Distance
from
top (ft.)

Diameter of Silo (ft.)

12

14

16

18

20

Inches between rods*

0- 5 -------- 30
5-10
30
10-15 -------- 15
15-20 -------- 15
20-25 -- ----- 15
25-30 -------- 15
30-35 ---- --- 15
35-40 ------- 10
40-45 -------- 10
45-50 -------- 10
50-55 ---- --- 7½
55-60 --------

30
30
15'
15
15
10
10

7½
7½
7½
6
6

30
30
15
15
10
10
10

7½
7½
6
6
5

30
15
15
10
10
10

7½
7½
6
6
5
5

30
15
15
10
10

7½
7½
6
6
6t
6t
5t

*9/ 16-inch round steel rods with rolled thread s.
t ½ -inch round steel rod s with rolled threads.

cement plaster is applied by trowel or
shot onto the wall pneumatically. The
type of treatment is best evaluated by
the severity of the pitting or corrosion
condition.
Bunker and Trench Silos

High moisture grain if properly
packed and sealed will store satisfac
torily in horizontal silos. It is after they
are opened and exposed to air for
feeding that problems may occur. For
this reason planning the proper
amount of open end area in relation to
the rate and length of the feeding peri
od can reduce losses during this time,
Long, narrow and deep structures are
suggested. Table 2 gives the pounds
of high moisture ground ear corn fed at
the rate of 3 inches per day for various
sizes of bunker silos.

Table 2. Pounds of high moisture ground
ear corn per 3-inch slice. (Based on 40 lb.
per cu. ft. at 30% moisture).
Height
Feet

6
8
10
12

--- ---____
----

10

Average Silo Width in Feet*
12
14
16
18

b·ench silo size for high moisture
ground ear corn:
50 milk cows
18 pounds high moisture ground
ear corn per cow per day
240 days feeding period

of the plastic holds it down to the grain
quite satisfactorily. Figure 1 shows a
method of sealing bunker silos.
Management Suggestions

STEP 1 -- Determine pounds of high
-moisture ear corn required.
50 head x 18 lb. per head per day
= 900 lb/day
STEP 2 -- Determine end area of silo re-quired to assure feeding off at
least 3 inches per day. Table 2
shows that a 6xl4-foot average
height-width silo holds 840 lb.
per 3-inch slice.
STEP 3 -- Determine length.

When using conventional, bunker
or trench silos for storing high mois
ture grain, the moisture content is im
portant for fermentation and keeping
qualities. High moisture shelled corn
should be harvested when the kernels
contain 26% to 32% moisture, and ear
corn when it contains 28%to 36%mois
ture. Drier corn may be stored in gas
tight structures; however, 26%to 32%is
most desirable. The amount of water
to add to bring the moisture content up

900 lb/day
= 3.21 inches/day
840 lb/3-in. slice
3.21 in/day x 240 days= 64.2 feet long
12 in/ft

Mechanical compaction with a trac
tor is commonly recommended to ob
tain maximum density. Sealing the
walls and surface are of utmost impor
tance to reduce losses. Six mil black
polyethelene plastic sheeting, weight
ed down uniformly, is a popular inex
pensive cover. Chopped green mate
rials, a layer of dirt or used tires on top

Figure 1. Method used in sealing high
moisture grain in bunker silos. (A) Treat
ed Concrete Wall: Plastic sheeting is placed
along side starting 2 feet from the top of
wall then grain is packed against sheet, re
mainder of sheet folded over grain, Cover
sheet is placed over both folds then weight
ed down with heavy material. (B) Wooden
Walls are same as A except sheeting extend
ed to floor and 2 feet under grain. Sheet
must be in place before filling. (From:
Montana Agricultural Experiment Station
Bulletin 625 (Revised).

Sealing Bunker Silos

Cover
Plastic
Sheet
1

2 Fold
20

600 720 840 960 1080 1200
800 960 1120 1280 1440 1600
1000 1200 1400 16QO 1800 2000
1200 1440 1680 1920 2160 2400

Plastic
Sheet
Side

*Average width is calculated as follows:
Top width
Bottom width/2=Average width
NOTE: Add 17 % to these amounts if using
ground shelled corn or sorghum.

+

'·

The 3 inches of feeding per day is
recommended in warm weather to
avoid heating and mold development.
The following - example illustrates a
method of determining the bunker or

R!

or
Porous Wall

Con cre_t_e_--1'...
Wall
/~ ~:
~-~·}~
..-.....
;,_

Floor

A

B

to any level can be calculated by the
following formula:
(B)

(A)

Initial weight x 100 - init. % moisture
100 - f inal % moisture
(D)

(C)

= final weight

Example: A ton (2,000 lb.) of shelled
corn is at 20 % moisture content
and you want to bring the
moisture content up to 26 %. How
much water must be added?
(A)

(D)

(B)

2,000 x l00- 2 0
100-26

=

2 162 16 lb
.
•
'

(C)

Then, 2162.2 (final weight)
-2000.0 (initial weight)
162.2 lb. water to be
added.
A gallon of water wei ghs 8.33 lb.,
162 .20 _ 19 . 47 ga 11 ons
therefore : ~
of water would need to be added per
ton. (You would, of course "round
off" this amount to 19 1/2 ;allons
of water.)

High moisture grain should be
ground before storing in conventional
or horizontal silos. Grinding should be
moderately coarse with all kernels
cracked or broken. The larger pieces
of cob should be no more than one-half
inch in diameter to assure good pack
ing and to prevent selection by the an
imal when feeding. Shelled corn and
grain sorghum are usually not ground
when stored in gas-tight structures as
grinding tends to cause bridging
which, in turn, hampers the flow of
grain to auger conveyors for removal
at the bottom of the silo.
The use of a distributor when filling
a silo with high moisture ground ear
corn is recommended to avoid the ten
dency of coarse pieces to roll to the
outside wall as the ground corn and
cob form a filling cone inside the silo.
Molding is a greater possibility in the
less dense areas where the larger par
ticles accumulate.
Farmers considering the storage of
high moisture grain in other than gas
tight units should plan to "balance"
the amount of grain fed per day with
the diameter of "exposed surface" of
the silo. With whole-grain high-mois
ture storage,,at least 3 inches per day
should be removed in hot weather.
With ground grain, the amount fed per
day is not as critical, especially if a sur
face silo unloader is used for unload
ing. Table 3 shows the approximate
storage space in bushels of high mois
ture corn provided by various diameter
silos.

A,cid Treatment

Grain Moisture Percent

Livestock feeders might also con
sider preserving high moisture grain
with organic acids as an alternative to
ensiling or dry storage. Acid-treated
grains appear to be readily digested
and utilized by most animals. The pri
mary chemicals presently used for
grain preservation are the propionic
and acetic acids used separately or in
combination. When these acids are ap
plied to grain, they eliminate fungi on
the surface of the kernel. The acid pen
etrates the kernel and lowers its pH to
about 4.0 to 4.5, thus inhibiting the
growth of microorganisms which could
cause molding, heating, and spoilage.
The germination potential of the seed
is destroyed. Grain treated with acids
cannot legally enter regular market
channels. It can be used only for ani
mal feed. Acid-treated high moisture
grain can be stored exposed to air and
in conventional or temporary emer
gency storage facilities, if protected
from the weather.

15

17

19

0.60

0.70

0.85

21

23

27

29

1.33

1.45

25

% Weight of Grain
0.95

1.10

1.20

Example: 2,000 lb. of shelled corn at 25'%
moisture. Then 2,000 lb. x 1.20%_ 24 lb. of
acid per ton.
Or, the application rate may be ex
pressed for 100%propionic acid direct
ly in pounds per ton as follows:

Grain Moisture Percent
18

16

20

22

24

26

28

30

23

25

Lb. of Acid per Ton
13

11

15

17

19

21

Example: Corn at 26% moisture content.
Then 21 lb. of acid/ton (from Table) x 64

lb./ bu. divided by 2,000 lb. (ton) = 0.67 lb.
of acid per bushel of corn at 26%.

The usual means of application of
liquid acid preservers is by specially
designed applicators. ( See Figure 2.)
These devices use a pump, spray noz~
zles, a hopper, an auger, safety devices,
flow meter, and a pressure gauge for
Acid Application
flow determination. The acid is spray
The amount of acid to apply de ed onto the grain as the auger flighting
pends on the moisture content of the moves the grain past the nozzles. Since
grain, type of acid, length of storage the acid application rate is usually a
period, storage temperature and a given amount of acid for a certain
"safety factor" to accommodate .errors moisture content, the flow rate of the
in moisture testing and thoroughness auger and the moisture content of the
of mixing. Fallow · the recommenda grain must be known and the acid
tions of the manufactur·er in order to spray volume calibrated accordingly.
get the preservation you need. Typical The acid spray hits a high percentage
application rates for a preservative of kernels and further mixing occurs in
containing 80%propionic acid and 20% the auger and when the grain drops in
acetic acid for a one-year storage peri the bin. It is essential that no apprecia
od might be expressed in percent by able quantity of grain goes through the
applicator without receiving treatweight as follows:

Table 3. Approximate bushels per foot in silo height.
Moisture
content

%

Weight
per

bushel*

Shelled Corn
15.5 ------------------------ 56.0
24.0 --------------- -------- 62.5
30.0 ------------------------ 67.8
Ground Ear Corn
24.0 ---------------------- _82.8
28.0 ------·--- ---------- -- 89.2
30.0 ------------------------ 92.1
32.0 ------------------------ 94.6
26.0 ----------------------- 98.0

Cu. ft.
per

Approximate bushels per
foot of silo height-silo diameter (feet)

bushel

14

16

18

20

1.25
1.35
1.44

123
113
117

161
148
139

203
188
176

251
232
218

2.15

72

2.25

68

2.30

67

2.34
2.39

65
64

93
89
87
86
84

118
112
110
108
106

146
139
137
134
131

*The weight h ere is th e pounds o~ wet corn to yield one bushel of shell ed corn at 15.5 % moisture.
(From: 0 .. I. Berge and G. P. Barnngton, " Machin ery and Sil o N eeds fo r Storing Ground High Mois
ture Corn," University of Wisconsin.

ment. A pocket of untreated wet grain

Storage

in a bin could cause extensive spoilage.
For this reason, most applicators have
a built-in safety shut-off which stops
the auger if the acid flow stops.

Almost any facility can be used to
store acid-treated grain, as long as pro
tection from the weather is provided;
bunker, conventional bins, conven-

Figure 2. A typical acid preservative applicator. (From: ChemStor Liquid Grain
Preservative System, Celanese Corporation.)
Applicator. The applicat
or is designed to treat ap
proximately 400 to l 000
bushels per hour at 25%
moisture, and is made-up
of the following: l. Hopper,
2. Auger, 3. Spray Cham
ber, 4. Pump, 5. Control
Panel, 6. Motor.

Procedure. The treatment
of the grain starts with the
unloading of the grain into
the polyethylene hopper of
the preservative applicator.

Next, the grain travels up
the auger, at a pre-deter
mined speed. (See operat
ing manual.)

~

~
""

-.!
"

.....".)' ..

U

'

;)
(;

0

.,J

.

•

c:'

,.

Cy

-

~

1

,,
t

:;,

J
.,,~,·

IJ"

..
>

-

~..,

If

As the grain moves up
the auger, it passes through
the spray chamber, where
the correct amount o,f liquid
preservative is applied au
tomatically.
NOTE: The applicator con_
trol panel has a shutdown
valve that automatically
stops the unit, should the
supply
of
preservative
liquid run out.
The combination of auger speed, the tumbling action of the auger, and the
thoroughness of the spray-heads, assures complete coverage of the grain to be
treated. Once the grain has traveled through the applicator, it is delivered to the
farmer's conveyor, and on into storage.

tional cribs, silos, and temporary plas
tic sheets can be used. A waterproof
floor and protection from winds and
precipitation are needed.
Acid and acid vapors are corrosive
to steel structures. Polyethelene or
polyvinyl chloride sheets are some
times used to line metal structures to
prevent corrosion. Painting the expos
ed metal walls and floors with anti
corrosion coatings such as chlorinated
rubber and coal-tar epoxy is effective
on properly prepared surfaces. Check
with your grain preservative supplier
for recommended coating materials.
If acid-treated grain is stored in con
crete structures such as silos, protec
tive coatings are also recommended.
Wood storage bins need no protection,
but metal objects within the bin should
be protected. Alumninum bins or parts
need no protection.
Acid-treated grain can be stored
without any bin or structure. The acid
treated grain may be piled on a poly-

ethelene or polyvinyl chloride base
sheet. Another sheet covers the grain
pile and is mechanic.ally sealed to the
base sheet to make a plastic envelope,
that forms a weather-tight casing
around the grain.
Acid-treated high moisture grain
stored in amounts of 1,000 bushels or
more may need aeration for best re
sults. Moisture migration and con
densation could present problems as in
any other stored grain, except that
which is ensiled. Very low aeration
rates are suggested, 1/ 50 to 1/ 25 cubic
feet per minute per bushel. Higher air~
flow rates are not recommended and
excessive aeration rates may remove
some of the acid.
Treated grain may even be tempo
rarily stored in uncovered piles on the
ground, but this practice should be
used as temporary emergency storage
only, as precipitation will dilute the
acid concentration and spoilage will
occur.

Summary
• Propionic acid, acetic acid, mixtures of
th~se and combinations with other acids
are mild organic acids that prevent mold
ing heating and spoilage of high moisture
corn.
• Follow the application rates recom
mended by the manufacturer for the mois
ture content of the grain and length of
storage.
• Have an accurate moisture test. Over
treatment of acid is safe, but undertreat
ment can result in spoiled grain.
• Acid treated grains appear to be readily
digested and utilized by most animals.
• Propionic and acetic acids have been
approved by EPA and FDA as grain pre
servers for grain to be used as livestock feed.
• Proper application is important. Com
plete coverage of all the kernels is essential.
• Store acid-treated high moisture grain
in waterproof structures of corrosion-resist
ant materials.
• Treatment and conveying equipment
should be washed thoroughly after use.
• Observe all safety measures.
No endorsements of specific prod
ucts or equipment named is intended,
nor is criticism implied of those not
mentioned.

Costs

The use of acid preservatives as an
alternative to drying, sealed storage,
and other methods of conditioning,
storing, and handling grain usually
should be based on other factors as
well as total cost per bushel. Factors
such as convenience, ease of handling,
reduced capital in structures, prefer
ence for feeding high moisture grain,
and investment flexibility may make
the use of acid treatments more favor
able. However, cost per bushel is an
important consideration. If, for exam
ple, acid sells for 29 cents per pound
and the recommended rate is 0.67 lb.
per bushel for 26% moisture corn to be
stored for one year, the cost would be
19.4 cents per bushel for acid alone.
Although the use of silos, sealed stor
age units, or drying systems, repre
sents high capital investments, the to
tal annual cost per bushel will general"'
ly run less for these than acid treat
ments because of the high cost of acid.

Safety, Handling Precautions

,e Handle drums carefully and open
drums slowly, allowing internal pressure
to vent before removing plug completely.
• Eliminate all sources of heat and open
flame from the treatment and storage area.
• A void breathing grain preserver va
pors or spray mists. Prolonged or repeated
exposure to vapors or mists warrant the use
of a respirator.
• Wear protective gloves and goggles
when handling acids or grain that is still
wet from treating.
·• When applicator or other equipment is
running, keep hands and loose clothing
away from moving parts.
• If skin contact occurs, immediately
flush the exposed area with water for 15
minutes. A physician should be consulted
in case of severe or extensive exposure. Re
move the contaminated clothing immedi
ately and wash thoroughly before rewear
ing.
• Be aware of emergency first aid pro
cedures in case material is accidentally swal
lowed or gets into the eyes. Seek prompt
medical attention.
• Do not contaminate water supplies or
ditches with chemical or water used for
cleaning equipment.
• Do not enter storage facilities without
adequate ventilation.

Other Fa,ct Sheets in This Series
This Fact Sheet is one of six in a series dealing with fuel-energy
requirements in harvesting and storage of com and grain sorghum. The
entire series includes the following:
FS 605---Corn Harvesting Alternatives and Associated Fuel-Energy
Requirements.
FS 606---Grain Sorghum Harvesting Alternatives and Associated
Fuel-Energy Requirements.
FS 607-Drying the Crop with Less Fuel.
FS 608-Efficient Com and Sorghum Harvesting.
FS 609-High Moisture Grain Storage
FS 610-Temporary Storage.
These fact sheets are available through your county Extension agent
or the Bulletin Room, South Dakota State Uniiversity, Brookings, S. D.
57006.

Issued in furtherance of Cooperative Extension
work, Acts of May 8 and June 30, 1914, in cooper
ation with the U . S. Department of Agriculture.
Duane Acker, Director of Extension Service, South
Dakota State University, Brookings. The South
Dakota Cooperative Ex tension Serv ice offers edu
ca tional programs and materials to all people
without regard to race, color, religion, sex, or na
tional origin and is an Equal Opportunity Em
ployer.
SM-9-73-File : 6.5-1219
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